that there is no temperature change during the phase changes under constant pressure, ie during evaporation or condensation phases. Near azeotropic refrigerants are formed by the combination of two or more refrigerants with different boiling points. These refrigerants, which have the same compositions in the liquid and vapor phases, evaporate or condense at different temperatures during the process. Despite the fact that these refrigerants have a higher potential to be developed than the azeotropic refrigerants, the leaks that may be present in the system can cause the composition and properties of the refrigerant to change.
Studies on azeotropic and near azeotropic refrigerants are generally based on energy analysis. The refrigerants are compared in terms of performance in the refrigeration cycle. Studies on exergy analysis are also found in the literature.
A B S T R A C T
I n this study, in order to investigate the effect of outdoor air temperatures on the performance of an air source heat pump, operated in cooling mode, using R404A refrigerant, the heat pump was tested at the outdoor air temperatures ranging from 25 °C to 30 °C and a computer code was also developed by using Engineering Equation Solver (EES). Experimental measurements have been carried out at the outdoor air temperatures ranging from 25 °C to 29 °C and they are repeated three times for better accuracy. The temperatures, the pressures, and the electric energy consumed by the compressor and the fans are measured by means of the K type thermocouple, bourdon type manometer and energy analyzer, respectively. Furthermore, an electric heater was installed in the room where the indoor unit was located and a humidifier is activated to provide the humidity conditions required for the room. The compressor pressure ratio, the power driven by the compressor, the heat rejection capacity of the outdoor unit, the cooling capacity of the indoor unit, the coefficient of performance of the heat pump (COP) were investigated according to different outdoor air temperatures. It was observed that as the outdoor air temperature increased, the indoor unit capacity and COP of the heat pump system decreased while the energy consumed by the compressor increased.
INTRODUCTION
Refrigerants R404A and R507A which are alternative to R502 were compared by means a mathematical model developed for vapor compression refrigeration systems using evaporator and condenser temperatures of -50 ºC / 0 ºC and 40 ºC /55 ºC, respectively. It has been shown that R507A refrigerant gives better results than R404A refrigerant in systems as the the system performance (COP), exergy destruction and efficiency are taken into consideration [2] .
The HFC-161 mixture, similar in physical properties to R502 but environmentally friendly, which could be used as an alternative to the R502 refrigerant, was used as refrigerant in the vapor compression refrigeration system designed for R404A, and as a result of its operation, the pressure ratio of this new refrigerant is about the same as R404A and R502, its COP is higher than R404A at higher evaporator temperatures [3] .
The general characteristics and system performances of refrigerants R402A, R402B, R403B, R408A, R404A, R407A and FX40, which may be used as an alternative to R502, have been experimentally investigated and it has been stated that the performances of all the refrigerants except R403B in the refrigeration cycle are very close to R502 [4] . In the another study, the performance of the R22 / R11 mixture with pure refrigerants and the refrigerant mixtures used from the blends of these refrigerants in the vapor compression refrigeration system has been examined [5] .
The system parameters were calculated by applying numerical modeling techniques for the ground source heat pump. The computer codes of the equations obtained from the developed model for city of Bolu, Turkey were developed in Matlab program. In order to obtain the properties of R134A, R404A and R410A, the curve fitting method was used. As a result, it was found that the COP value of R134A was 3.33 in the Matlab program and 3.28 in the Solvent Refrigerant Software program [6] . R449A and R404A were compared to each other in some ways including the compressor discharge temperature, cooling capacity and GWP (Global Warming Potential). It was observed that the refrigeration system using R449A as refrigerant has advantage on the refrigeration system using R404A as GWP and energy are taken into consideration [7] .
The performance of air-source heat pump (ASHP) using R404A as refrigerant was investigated both theoretically and experimentally in heating mode at the outdoor temperatures ranging 0 °C and −26 °C. Furthermore, the effect of outdoor air temperature on the compressor capacity, heating capacity and discharge temperature was also investigated. It was observed that the performance of the ASHP with internal heat exchanger (IHX) was better than that of the ASHP without IHX [8] .
It is seen from the literature survey that the studies related to the utilization of R404A in heat pump systems are generally based on the investigation of the effect of evaporator or condenser temperature on the performance, pressure ratio or GWP. There is only one study, similar to this study, mentioned above aiming to investigate the effect of outdoor air temperature on the compressor capacity, COP, heating capacity, discharge temperature, but the heat pump is operated in heating mode, not cooling mode.
In this study, the effect of outdoor air temperatures ranging from 25 °C to 30 °C on the performance of single stage vapor compression refrigeration system using R404A refrigerant is investigated both theoretically and experimentally. The experimental results obtained are inserted in the computer code developed by using EES software [ 9] . As a result, the power consumed by the compressor, the refrigeration capacity of the indoor unit, the heat rejection capacity of the outdoor unit, the coefficient of performance (COP) of the vapor compression refrigeration system are observed with respect to the outdoor air temperature. In addition, some important parameters including the pressure ratio, indoor air temperature in the system are also observed according to the outdoor air temperature.
MATERIAL AND METHOD
The vapor compression refrigeration system used in the experiments consists of compressor, outdoor unit, capillary tube type expansion element, indoor unit, four-way valve, low and high pressure control switch and filter drier. In addition to these, an energy analyzer measuring the amount of energy driven by the compressor and fans, four pressure gauges measuring capillary tube inlet -outlet pressures and compressor inlet -outlet pressures, CO-MET MS6D data recorder to record temperature values measured by thermo-couples, electric heater and humidifier, and a humidity meter to measure the humidity in the room are used . The experiments were repeated out three times on August 15-18, 2014 to investigate the effect of outdoor air temperatures ranging from 25 °C to 30 °C on the performance of single stage vapor compression refrigeration system using R404A refrigerant. The heat pump cycle operated in the cooling mode is schematically shown in Fig.1 .
The indoor unit, energy analyzer, control panel, humidity meter and data logger are shown in Fig.2 .
The semi-hermetic type compressor, outdoor unit, four-way valve, low and high pressure control switch (presostat) used in the heat pump system are shown in Fig.3 .
For the open system, the first law of thermodynamics is expressed as [10] ,
In this study, some assumptions were made in thermodynamic analysis;
• The pressure losses in the pipeline between the indoor unit, the outdoor unit and the elements in the refrigeration system have been neglected.
• It is assumed that the heat pump operating in the refrigeration mode and steady-state and steady flow conditions.
• It is also assumed that the electrical power taken by the compressor is converted into the mechanical power.
• Changes in kinetic and potential energies in the heat pump cycle are neglected.
Taking the above considerations into account; Applying the energy equation for steady-state steady flow process (SSSF) to the elements of the heat pump, the following equations are derived for the elements of the heat pump system.
Outdoor unit;
Indoor unit;
Capillary tube; 3 4 h h =
The coefficient of performance (COP) of the heat pump can be expressed as:
W iu  and W ou  are measured by means of energy analyser for constant fan speeds as 0.88 kW.
Uncertainty Analysis of the Experimental Results
The uncertainties of the measurements that are used to calculate the uncertainties associated with m  , Q iu  , Q ou  , W comp  , and COP are ±0.5% for power analyzer, ±1.5 for K type thermocuple and ±3% for manometer. The total uncertainties related to m  , Q iu  , Q ou  , W comp  , and COP are estimated to be 2.03%, 3.03%, 1.74%, 0.45% and 2.99 respectively. 
RESULTS AND DISCUSSION
The effect of outdoor air temperature on the performance of vapor compression refrigeration system was experimentally investigated in a heat pump system operated in cooling mode. A computer code was developed for this purpose. In the following section, the results are presented in the figures and discussed in detail. Figure 4 shows the change of the pressure ratio of the compressor with respect to the outdoor air temperature. Theoretically, when the outdoor air temperature increases, this causes to the indoor air temperature to increase. In this case, more heat will be transferred to the indoor unit and consequently the compressor inlet pressure corresponding to the saturation temperature of the refrigerant in the indoor unit will increase. In addition, as the outdoor air temperature increases, the temperature difference between the outdoor unit and the surroundings decreases, resulting in a reduction in the amount of heat rejected to the surroundings and in this case the compressor outlet pressure corresponding the saturation temperature of the refrigerant in the outdoor unit will increase. As shown in Fig. 4 , the pressure ratio increases due to the relative increase in the outlet pressure to the inlet pressure. At the outdoor temperatures ranging from 24.5 °C to 28.5 °C, the pressure ratio ranges from 4.5 to 4.67. One can conclude from Figure 4 that the pressure ratio has approximately the same value as 4.67 for all the of the outdoor temperatures except the outdoor temperature of 24.75 °C Figure 5 shows the power consumption of the compressor with respect to the outdoor air temperature. As the outdoor air temperature increases, the pressure ratio of the compressor increases. This increase in pressure ratio of the compressor results in an increase in the power consumed by the compressor. As the outdoor temperatures increases from 24.5 °C to 28.5 °C, the power required by the compressor increases 1.56 kW to 1.63 kW. The maximum compressor power of 1.63 kW is reached as the outdoor temperature is also maximum, namely 28.5 °C While the average outdoor air temperature for R404A increases by 14.58%, the increase in the pressure ratio is 3.71% while the energy consumption of the compressor is 3.85%. Figure 6 shows the variation of outdoor unit capacity with respect to outdoor air temperature. As can be seen from Fig. 6 , as the outdoor air temperature increases, the heat rejection capacity of the outdoor unit decreases. As the outdoor air temperature increases, the temperature difference between the outdoor unit and the outdoor air decreases, and this cause to the capacity of outdoor unit to decrease. At the outdoor temperatures ranging from 24.5 °C to 28.5 °C, the outdoor unit capacity of heat pump decreased from 3.80 kW 3.68 kW. It has been found that the outdoor air temperature increases by 10.78% for the R404A refrigerant while the outdoor unit capacity decreases by 5.77% on average. Figure 7 shows the variation of indoor unit capacity with respect to outdoor air temperature. As the outdoor air temperature increases, the capacity of the indoor unit decreases for R404A refrigerant as shown in Fig.7 . At the minimum outdoor temperature of 24.6°C, the indoor unit capacity is 2.14 kW and then it increases sharply to a capacity of 2.18 kW, later it decreases smoothly and finally it reaches a minimum capacity of 2.05 kW at a temperature of 28.3 °C When the outdoor air temperature increases, the indoor temperature for R404A increases by 0.26 °C. As a result, there has not been a significant change in indoor unit capacity since there is not much increase in indoor temperature. Figure 8 shows the change in the coefficient of performance (COP) of the heat pump with respect to the outdoor air temperature. As a measure of performance, the COP is a function of the amount of heat absorbed by the indoor unit and the power drawn by the compressor. In this experimental study, the energy consumed by indoor and outdoor unit fans was taken into account in the determination of COP. The decrease in the indoor unit capacity (Fig.7) and increase in the power drawn by the compressor (Fig.5 ) caused COP to decrease as the outdoor air temperature increased as shown in Figure 8 . The COP of the heat pump decreases from 1.23 to 1.13 at the outdoor temperatures between 24.5 °C to 28.5 °C. When Figure 8 is analyzed, the COP of the heat pump using R404A as refrigerant decreases by 1.138 at the outdoor temperatures ranging from 24.5 °C to 28.5 °C. Figure 9 shows the change of the indoor air temperature with respect to the outdoor air temperature. As the outdoor air temperature increases, more heat will be transferred to the indoor environment, this cause to the indoor air temperature to increase as shown in Fig.9 . As the outdoor air temperature increases, the indoor air temperature slightly increases in the heat pump system operated in the cooling mode for refrigerant R404A. As the outdoor air temperature increases by 16.6% on average, the indoor temperature increases by 13.4% on average as it is shown in Figure 9 .
CONCLUSION
The effect of outdoor air temperatures ranging from 24.5 °C to 28.5 °C on the performance of heat pump system operated in the cooling code using R404A refrigerant was experimentally performed by using a computer code developed .
The important results obtained from this experimental work can be summarized as follows,
• As the outdoor air temperature increases, there is not much change in the compressor inlet and outlet pressure, but there is a slight increase in the compressor pressure ratio. The pressure ratio of the heat pump system is around 4.5. Along with the increase in the outdoor air temperature, the increase in the pressure ratio of the compressor has been observed to increase. The power required by the compressor increases 1.56 kW to 1.63 kW. The energy consumption of the compressor is 3.85%.
• It was determined that the temperature difference between the outdoor unit and the surroundings decreases and the outdoor unit capacity decreases as the outdoor air temperature increases. The outdoor unit capacity of heat pump decreases from 3.80 kW 3.68 kW and this corresponds to 5.77% decrease on average in the outdoor unit capacity.
• As the outdoor air temperature increases, the indoor air temperature increases slightly as 0.26°C, this results in a slight increase in the indoor unit capacity. As a result, there is no significant increase in indoor air temperature.
• It was also observed that as the outdoor air tempera- ture increases, the indoor unit capacity decreases while the energy consumed by the compressor increases, and thereby decreasing the COP of the heat pump system. The COP of the heat pump decreases from 1.23 to 1.13 at the outdoor temperatures between 24.5 °C to 28.5 °C.
• As the outdoor air temperature increases, the increase in the indoor air temperature can be almost neglected.
